ESR methods for detecting irradiated foods are used internationally. In the present study, an identification method for irradiated unboned meats, fish with bone, and shellfish were studied. These foods were found to give ESR signals that were specific for irradiated samples. The signals appeared to originate from hydroxyapatite, calcium carbonate, collagen, chitin, melanin, and/or other complex materials. The shape of the ESR spectra for irradiated samples can be complex and difficult to analyze. Each ESR spectrum in the present study had several peaks, some of which were not affected by the doses applied. Some peak intensities, however, did increase with increases in dose. Minimum detectable dose was approximately 1 to 0.5 kGy. These results indicate that the shape of the ESR spectrum depends on the sample components.
INTRODUCTION
Food irradiation is a technology for sterilizing foods contaminated by bacteria and is expected to reduce the incidence of food-borne illness. Irradiated foods are required to be labeling that they were treated with an ionization beam. Standard ESR methods for detection of irradiated foods have been approved for international use. [1] [2] [3] These methods are used for several groups of irradiated foods, but there has been interest in applying the methods to additional food groups. ESR spectroscopy has a number of strong points, including simple sample pretreatment and easy operation of ESR machine. It also, however, has weak points: the ESR signal intensity is affected by the water content of the sample and the sample shape; the shape of the ESR spectrum can change in response to heavy metal impurities or by the presence of organic radicals in the sample; most ESR radicals can fade out during storage. To compensate for these weaknesses, we are developping a new reproducible procedure for sample preparation. 4) Based on this procedure, a new approach to the detection of irradiated foods will be reported herein.
MATERIALS AND METHODS
Irradiation Apparatus ---A wet type 60 Co plate source was used at the Japan Atomic Energy Research Institute. Absorbed doses were measured with a Gammachrome YR. AEA (Oxon, U.K.). Irradiation Process ---Five grams of each sample were placed in a 10-ml Pyrex tube. Samples were irradiated at 10°C. After irradiation, the samples were stored at -20°C. Sample ---Flesh samples were purchased at a local supermarket in the Setagaya area. ESR Spectrometer ---Jeol model FA200 RE, and FX. Operating conditions: frequency, 9.432 GHz; scan field, 333.5 mT; scan width, 7.5 mT; modulation frequency, 100 kHz; modulation width, 0.32 mT; power, 1 mW. Sample Preparation ---Bones were separated from the meat and washed with water. Small pieces of meat attached to the bones were carefully removed. The bones were dried over P 2 O 5 under vacuum for 6 hr. Shells of the shellfish were dried in the same manner described above. ESR Sample Preparation ---Dried samples were crushed with a hammer or garlic crusher. The small pieces of bone were screened with sieves. The sample diameters ranged from 1-2 mm. The screened bones were packed in an ESR sample tube (4 mm i.d.). Determination of the Spin Density ---An external standard method was used for detection of the spin contents in the sample. Mn marker signals were used for reference for the g-value.
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RESULTS AND DISCUSSION

ESR Spectra
Samples (frog leg bone, wing-tip bone of chicken, rib of black rockfish, and shells of clams) were irradiated at several doses at 10°C. The results are shown in Fig. 1 . ESR Spectra of nonirradiated bones of frog legs, bones of wing tips of chicken, and shell of clams showed broad peaks. But ESR spectrum of nonirradiated ribs of black rockfish did not. Those signals have been explained that they originated from collagen in those samples. The baseline of ESR spectrum for shell of clams was rolling and suggested intercalations of heavy metals in the hydroxyapatite crystal structures. Those ESR spectra of irradiated samples gave three peaks as shown in Fig. 1 . g-Value of the most intense peak in each spectrum was same and was 2.002. This result means those signals were originated from common chemical species. The chemical components of hydroxyapatite are similar to each other although they are belonging to completely different biological species. From those spectra, minimum detectable doses for frog leg bone, wing-tip bone of chicken, rib of black rockfish, and shell of clams were 1, 1, 1, and 0.5 kGy, respectively.
ESR spectra of nonirradiated and irradiated shrimps are shown in Fig. 2 . These charts show a single broad peak and are different from those in Fig. 1 . This peak may originate from the chitin in the shell. Some spectra showed signals from manganese ions (data not shown).
Dose Responses of ESR Signal Intensities
The signal intensities of three ESR peaks vs. the absorbed dose are shown in Fig. 3 . The most sensitive peak of the ESR signal for irradiated frog leg bone had a g-value of 2.002. This peak intensity was not saturated in the dose range we examined. However, those of the other samples (wing-tip bone of chicken, rib of black rockfish, and shell of clams) were not linear with respect to dose and were not saturated in the high-dose region. The peak intensities at g = 1.997 in ESR spectra of frog leg bone, wing-tip bone of chicken, rib of black rockfish, and shell of clams were not linear with respect to dose, as these peaks overlapped with peaks at g = 2.002. The intensities of the peaks at 2.004 in the ESR spectra of frog leg bone and at 2.0057 of black rockfish rib did not change as the dose increased. In contrast, the corresponding peaks of wing-tip bone of chicken (g = 2.0087) and shell of clams (g = 2.0125) were slightly increased as the dose increased. Thus, the spectra of these samples were quite similar to each other, although the responses to irradiation were quite different. Figure 4 shows the dose response curve of an irradiated shrimp shell.
The intensity was not linear with respect to dose. As a result, it was difficult to estimate the absorbed dose from the curve.
The ESR method can successfully identify irradiated frog leg bone, wing-tip bone of chicken, rib of black rockfish, and shell of clams. The absorbed dose of some samples can be estimated by doseresponse curves. However, the ESR spectrum of an irradiated sample can vary from sample to sample. Careful use of this method is recommended. 
